Introduction
Oxidative stress is a condition occurs in the animal body when an imbalance occurs between free radical generation and antioxidants functions [1] . If the generation of free radicals be more than usual, it can damage cells via disruption of macromolecules, such as DNA, proteins and lipids. Adverse effects of oxidative stress on thyroid function [2] , testicular tissue [3] and sperm quality [4] is well documented. The imbalance may occur due to a decrease in antioxidant defense system [5] , because of selenium deficiency or higher need to selenium in stressful conditions. When an animal exposed to oxidative stress, selenium is necessary for antioxidant enzymes activity and stability to decline the harmful effects of free radicals on body macromolecules and functions [6] [7] [8] [9] [10] . Selenium is the active core of many seleno-proteins implicated in antioxidant defense mechanisms, testicular tissue, sperm capsule, testosterone metabolism and thyroid metabolism [11, 12] . During oxidative stress, selenium maybe used for antioxidant activity and selenium deficiency occurs in the animal body for thyroid and testicular Objective: To evaluate the effects of nano-particle of selenium (nSe) on plasma antioxidant capacity, sexual and thyroid hormones and spermatogenesis in male rats exposed to oxidative stress. Methods: Forty rats were randomly divided into four treatments with ten replicates. Treatment groups were: C, the control group received normal saline as gavage and injection (i.p.); OS, received tert-butyl hydroperoxide (0.2 mmol/kg body weight) for inducing oxidative stress; nSe, received nSe (0.3 mg/kg body weight) as gavage, and OS+nSe, received tertbutyl hydroperoxide and nSe. All groups were treated for 28 d and administrations were done each 48 h. Results: Oxidative stress decreased and gavage of nSe to stressed rats increased the antioxidant capacity and activities (P<0.05). Oxidative stress decreased and nSe increased the levels of thyroid, gonadotropic and testosterone hormones as compared with the control group (P<0.05). Gavage of nSe to stressed rat resulted in increase (P<0.05) of gonadotropin and testosterone hormones compared to oxidative stress group. There were no significant differences (P>0.05) between rats exposed to oxidative stress and those in the control group for sperm quantity and quality. Gavage of nSe to stressed rats had no effect (P>0.05) on the sperm parameters, except increased viability and progressive percentages. Conclusions: Nanoparticle of Selenium administration in stressed rats could ameliorate the negative effects of oxidative stress on the antioxidant capacity and activities, but not on the quantity and quality parameters of sperm.
function. Selenium deficiency causes a decrease in intracellular glutathione peroxidase (GPx) activity [13] , sperm parameters [14, 15] and decrease in plasma thyroid hormones levels [12] . In the previous studies [16] [17] [18] , the effects of organic and inorganic sources of selenium on the immunity, growth, health, and reproduction in human and animals were examined; however, effect of nano-particles of selenium on mentioned parameters remained unknown. Nanoselenium (nSe) has recently attracted in animal nutrition attentions, because of high absorbed ability and low toxicity compared to other sources of selenium [8] . It was hypothesized that administration of nSe could satisfy the body needs to selenium during oxidative stress and ameliorate the negative effects of stress on antioxidant capacity and activity, sexual and thyroid hormones and sperm parameters.
Information about the effect of nSe on antioxidant capacity, thyroid hormone levels, and reproductive measurements in animals exposed to stress is limited. Therefore, the main purpose of this work was to evaluate the effect of nano-selenium on antioxidant capacity, sexual and thyroid hormones levels, sperm quantity and quality in male rats exposed to oxidative stress induced by tert-butyl hydroperoxide.
Materials and methods

Chemicals
Nano-selenium was purchased from American Elements Company (Los Angeles, USA). The average particle size was 42 nm with a purity of 99.95%. Before applying, an aliquot of nano-selenium was poured in the tube containing normal saline with 1% sodium carboxymethyl cellulose (as stabilizer). To disperse the particles, tubes were stirred for 15 min and then put in ultrasonic bath for 25 min. To avoid the aggregation of the particles, fresh suspension was prepared before every use. tert-butyl hydroperoxide (2-Methylpropane-2-peroxol) was purchased from Sigma-Aldrich Chemical Corporation (St.
Louis, MO, USA). 
Animals and treatments
Sample collection
Two days after final gavage and injection, feed was removed and rats were fasted overnight with free access to water. Animals were anesthetized with the injection (i.p.) of ketamine-xylazine. Blood samples were taken into heparinized tubes from the heart. Then tubes were centrifuged (2 500×g for 15 min) and the plasma as supernatant was collected in the clean tubes and kept at -80 ℃ for further analysis. Epididymis was cut and removed from the adhering tissues. After that, quantitative and qualitative measurements were made.
Blood measurements
The plasma activity of GPx was determined according to the method described by Paglia et al. [19] . Briefly 10 μL of plasma, standard (0.1-0.3 U/mL purified glutathione peroxidase) or water (as blank) was added to a 96-well plate. Then, to each well a quantity The reagents were mixed and the absorbance at 340 nm measured using plate reader. The activity of superoxidase dismutase (SOD) was determined according to the method described by Beauchamp et al. [20] using commercial kit of Pars Azmoon (Tehran, Iran).
The plasma level of reduced glutathione (GSH) was determined according to the method of Ellman using spectrophotometer at 412 nm [21] . The plasma level of malondialdehyde (MDA) was assayed by the thiobarbituric acid assay using spectrophotometer at 523 nm based on the method described by Ohkawa et al. [22] . The plasma level of gonadotropins hormone (FSH and LH), and testosterone were measured by using enzyme-linked immunosorbent assay using commercial kits (Shibayagi Co., Gunma, Japan), as described in the instructions provided with the kits. For spike recovery test, 10 μL of analyte is spiked to the sample matrix and standard diluent, and the two sets of responses are compared based on values calculated from a standard curve. The plasma levels of triiodothyronine (T 3 ) and thyroxine (T 4 ) were determined using commercially enzyme-linked immunosorbent assay kits (Biocheck Inc., Foster City, CA, USA).
Sperm measurements
After removing of epididymis, the caudal epididymis of left testis was cut and the sperms were extracted into 2 mL Ham's F10 culture medium with 10% fetal bovine serum. Then culture medium was kept at 37 ℃ and 5% CO 2 for 30 min to disperse the sperms into the medium [23] . Sperm parameters were evaluated in Royan Institute (Tehran, Iran) with a Computer Assisted Sperm Analyzer (CASA) according to the method of Krause [23] . For assessment the percent of sperm with a normal morphology, commercial SpermBlue® kit (Microptic Co., Barcelona, Spain) with fixative and staining solutions was used as described by Van der Horst et al. [24] .
Statistical analysis
Kolmogorov-Smirnov test was used to evaluate the normality of data using SAS Software. Thereafter, data was submitted to analysis of variance using the general linear model procedures of SAS. The used model was: Yij =μ+ Ti + eij. Where μ is overall average, Ti is the treatment effect and eij is the residual error. Tukey test was used for mean comparison at P<0.05.
Results
The effect of treatments on activities of SOD and GPx and level of reduced glutathione, MDA and total antioxidant capacity (TAC) are shown in Table 1 Means in column that possess different superscripts differ significantly (P<0.05). Table 1 Effects of different treatments on antioxidant capacity and activity (mean±SD). 
Table 2
Effects of treatments on gonadotropin, testosterone and thyroid hormones levels (mean±SD).
The effect of different treatments on concentration, viability, amplitude lateral head (ALH), beat cross frequency (BCF), and morphology of sperms are presented in Table 3 . Higher concentration of sperm was seen in nSe received groups (P<0.05).
Oxidative stress had no effect (P>0.05) on sperm concentration as there is no difference (P>0.05) between OS and control group. In stressed rats, administration of selenium has no effect (P>0.05) on sperm concentration as compared with OS group. Higher sperm viability was seen in groups received nSe (P<0.05). There was no difference (P>0.05) for sperm viability between OS group and control. nSe increased viability percentage in stressed rats. There were no differences (P>0.05) among treatments for ALH and BCF. 
Table 4
Effect of different treatments on sperm speed parameters (mean±SD).
The effect of treatments on motile percentage, progressive percentage and different motility types of sperms are presented in Means in column that possess different superscripts differ significantly (P<0.05).
Table 5
Effect of different treatments on various motility parameters (values as percent) of sperms (mean±SD).
Discussion
The aim of the present work was to find the effect of oxidative stress on plasma antioxidant capacity, the concentration of gonadotropic and steroidal hormones, and quality and quantity of sperms and the main purpose was to evaluate the protective effect of nano Selenium on mentioned parameters. In the literature, no report was found on the effects of nano Selenium on plasma antioxidant capacity, the thyroid, gonadotropic and steroidal hormones and sperm parameters in animals under stress.
In our study, the activities of SOD and GPx decreased in plasma of rats exposed to oxidative stress. Under oxidative stress, antioxidant defense systems included of SOD and GPx are essential factors to scavenge the reactive oxygen species [25] . Our finding is in line with the previous reports [8] [9] [10] , who revealed that oxidative stress resulted in a decrease in the antioxidant enzymes activities of organs in the body of human and animals. There are discrepancies among various studies concerning the effect of oxidative stress on SOD and GPx activities. It seems that the activities of SOD and GPx depend mostly on duration of exposure and intensity of oxidative stress.
Rats in this study were exposed to oxidative stress for four weeks, that is very long and the intensity of oxidant agent was very high.
When the oxidative stress is chronic and the intensity is very high, the proteins damage became profound and a decrease in SOD and GPx activities may occur either via direct oxidative damage of the SOD and GPx molecules, or via oxidative stress-altered SOD or GPx gene expression, or both [10, 13] . On the other hand, when the oxidative stress is for a short period (acute), the defense mechanisms will increase the activities of SOD or GPx to enervate the oxidative stress. During chronic and high intensity of oxidative stress, mitochondrial enzymes also damaged that resulted in a generation of free radicals and a decrease in energy production, thus the cells could produce less enzymatic defenses against the oxidative stress.
Moreover, oxidative stress resulted in an increase of DNA damages and also DNA methylation profile [26] .
As seen in Table 1 , exposure of rats to the oxidative stress resulted in an increase of MDA, a decrease of TAC and a decrease of reduced glutathione. During stressful conditions, the generation of free radicals increased that resulted in a suppression of antioxidant system. As a consequence, formation of MDA, depleting antioxidant capacity and consume of GSH and finally damage to cell membrane occur in this conditions. This finding are in agreement with the reports of Zhang et al. [8] , who speculated that oxidative stress caused a decrease in the antioxidant capacities and an increase in the MDA level of body organs. nSe administration increased the activities of GPx and SOD, increased plasma antioxidant capacity and decreased MDA level.
Selenium is necessary for the stability and function of GPx and SOD [27] . An interesting study [13] showed that selenium deficiency is associated with significant decrease in the activity of GPx. In line with our results, Shi et al. [15] and Hao et al. [28] reported that the activities of GPx and SOD significantly increased in the tissues of groups fed selenium, and the lowest MDA level was observed in selenium supplemented group. Rats in stressed group had lower and those received nSe had higher the level of reduced glutathione. The GPx enzyme consume reduced GSH to reduce the hydrogen peroxide to water and alcohol [29] .
Boostani et al. [18] reported that selenium supplementation increased the plasma level of GSH in chicks.
In our study, rats exposed to oxidative stress had lower the plasma levels of LH and FSH, which may be related to high plasma corticosterone level [30] . High concentration of corticosterone cause a reduction in the plasma levels of gonadotropin and steroids hormones [31] . Consistent to our finding, in the study of Gökçe et al. [32] , the oxidative stress reduced sex hormones levels. Previous studies [33] [34] [35] revealed that oxidative stress has an important role in the pathogenesis of human and animal infertility. nSe administration increased plasma gonadotropin and steroids levels in this study. Oishi et al. [36] found that feeding low selenium diet to the pullets resulted in a significant decrease in the plasma levels of LH. The findings of Behne et al. [37] revealed that morphology and function of testis influenced by selenium deficiency. They also speculated that selenium is necessary for biosynthesis of testosterone and the spermatozoa formation and normal development.
In the present study, oxidative stress resulted in decrease and selenium administration in non-stressed rats increased T 3 and T 4 .
When the balance between free radicals and antioxidants disrupt, pathological defects of oxidative stress occur. Depending on the nature, amount, and duration of the free radicals generation, these defects cause damages to biomolecules such as enzymes effective in hormones synthesis and organs function, especially to thyroid gland [35] . The thyroid gland has high content of selenium mostly for function of thyroid deiodinases, which catalyse the conversion of T 4 to T 3 [6, 7] .
Induce of oxidative stress in this study decreased the quantity and quality of sperms. Previous study demonstrated that oxidative stress impaired the motility, concentration, and morphology of sperms [38] .
The membrane of mammalian spermatozoa made from high levels of polyunsaturated fatty acids which are very sensitive to oxidative damages via lipid peroxidation [39] . Thus sperms membranes are susceptible to attack of free radicals which results in decreased the sperm motility, presumably by a rapid loss in pool of intracellular ATP. When these events occur, axonemal damage appears which results in a decrease of sperm viability and an increase in the morphological defects of sperm and loss of motility [4] .
In the present work, selenium administration resulted in an increase of the sperms parameters in the non-stressed group. It was demonstrated [11, [14] [15] [16] 37] that selenium is an essential factor for normal testis function and spermatogenesis. Selenium can reduce free radicals as a cofactor for antioxidant enzymes such as GPx and through this function can increase the sperm quality and quantity parameters and finally its fertility. Shi et al. [15] found that selenium deficiency resulted in abnormal mitochondria of spermatozoa. In their study, nSe supplementation enhanced the selenium content of testis, GPx activity in the testicular tissue and semen, decreased sperm abnormality and protected the integrity of membrane.
It was concluded that nano-particle of selenium administration in the stressed rats could ameliorate the negative effects of oxidative stress on antioxidant capacity and activities, but not on quantity and quality parameters of sperm. Further studies are required to research the novel elemental nSe with characterization of bioavailability and fertilization capability of sperm.
